S

ELS

Since January 2020 Elsevier has created a COVID-19 resource centre with
free information in English and Mandarin on the novel coronavirus COVID-
19. The COVID-19 resource centre is hosted on Elsevier Connect, the

company's public news and information website.

Elsevier hereby grants permission to make all its COVID-19-related
research that is available on the COVID-19 resource centre - including this
research content - immediately available in PubMed Central and other
publicly funded repositories, such as the WHO COVID database with rights
for unrestricted research re-use and analyses in any form or by any means
with acknowledgement of the original source. These permissions are
granted for free by Elsevier for as long as the COVID-19 resource centre

remains active.



Asthma and viruses: A focus on rhinoviruses and ® cneckorupaates

SARS-CoV-2

Yorissa Padayachee, MBChB,? Tasnim Shahridan Faiez, MSc,” Aran Singanayagam, PhD,® Patrick Mallia, PhD,” and

Sebastian Lennox Johnston, PhD®  London, United Kingdom

Key words: Severe acute respiratory syndrome coronavirus-2,
COVID-19, rhinoviruses, asthma, asthma exacerbation, interferons

Acute asthma exacerbations (AEs) are common events that
result in high morbidity and mortality and place a major burden on
health care services. The most prominent trigger for AEs is viral
respiratory infections, particularly rhinoviruses (RVs), which
have been strongly linked as causative agents by studies of
naturally occurring and experimentally induced exacerbations.'~
RVs induce enhanced airway inflammation and clinical symptom
severity in patients with asthma compared with healthy individ-
uals.' Impaired innate antiviral immunity and augmented Ty2
inflammation in people with asthma are 2 potential mechanisms
linked to increased severity of virus-induced AE pathogenesis.
Here, we review the role played by viruses in AEs and the role
of asthma in the risk of severe outcomes in coronavirus disease
2019 (COVID-19).

INTERFERON IMPAIRMENT IN PEOPLE WITH
ASTHMA

Interferons (IFNs) are critical components of innate immune
response and are a robust first line of defense against viruses. IFNs
protect cells from viral pathogens through induction of IFN-
stimulated-genes, which have pleotropic antiviral effects. There
are 3 classes of IFNs: types I (IFN-a and IFN-B), IT (IFN-vy), and
III (IFN-N).

Numerous studies have demonstrated that IFN induction by
viruses is delayed and impaired in people with asthma. Ex vivo
studies in cells from people with asthma showed delay and
impairment in production of IFN-a, IFN-$, IFN-vy, and IFN-A
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in bronchoalveolar lavage cells, PBMCs, dendritic cells (DCs),
and human bronchial epithelial cells (HBECs) in response to
infection with RVs and other respiratory viruses.”

The importance of IFN impairment in AE pathogenesis is
strongly supported by a study showing that IFN impairment at
baseline is strongly related to symptom severity, airway inflam-
mation, and viral load in subsequent experimental virus-induced
AEs.”

An elegant study applying transcriptome network analysis, in
children with asthma, also demonstrated that a low type-1 IFN
response at baseline was a robust predictor of short-term AE risk.’
The same study reported a “type-1 IFN response” module, which
contained numerous antiviral effector molecules, was upregu-
lated in nasal and blood samples during virus-induced AEs, and
suggested that low IFN signaling at baseline enhances viral
replication during early infection, which secondarily induces an
exaggerated IFN response later during exacerbation.' This inter-
pretation is supported by a study reporting an approximately 250-
fold increase in nasal lavage virus load in people with asthma
compared with healthy subjects, on day 3 following RV experi-
mental infection” followed by subsequent increased nasal
mucosal lining fluid levels of IFN-y and the IFN-stimulated-
genes CXCLI11/ITAC, CXCL10/IP10, and IL-15, at later time
points.”

Clinical trials of inhaled IFN-3 have shown attenuation of cold-
induced worsening of peak flow and of asthma symptoms” in peo-
ple with moderate/severe asthma, but neither study was large
enough to include AE frequency as an outcome. Further studies
are required if this treatment is to progress as a potential AE
therapy.

ROLE OF TYPE 2 CYTOKINES IN VIRUS-INDUCED
AEs

Asthma can be subdivided into 2 major endotypes: type-2—-high
and non-type-2. Atopic or allergic asthma involves allergen-
specific Ty2 cells producing IL-4, IL-5, and IL-13, the prototyp-
ical type-2 cytokines that co-ordinate to induce eosinophilic
airway inflammation, mucus hypersecretion, airway remodeling,
and allergen-specific IgE production, the hallmark pathological
features of atopic asthma.

An in vivo study in RV-challenged nonallergic healthy control
subjects and subjects with allergic asthma demonstrated virus in-
duction of the epithelial alarmin IL-33, IL-4, IL-5, IL-13 and
airway eosinophils only in the subjects with asthma.’ During
the RV infection, IL-5 and IL-13 levels in the subjects with asthma
were correlated with AE severity, suggesting that type-2 cyto-
kines may play a causal role in driving clinical exacerbation
severity. This is supported by clinical trials showing that blocking
IL-5 or IL-4/IL-13 reduces exacerbation frequency very substan-
tially. Furthermore, RV infection of HBECs in vitro induced IL-33
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FIG 1. A and B, Potential mechanisms of IFN impairment in asthmatic airways. ILC2, Group 2 innate
lymphoid cell; SOCS, suppressor of cytokine signaling; TSLP, thymic stromal lymphopoietin.

release, triggering production of type-2 cytokines by T cells and
group 2 innate lymphoid cells,” suggesting that IL-33 blockade
might prevent downstream type-2 cytokine induction. Anti—IL-
33 therapies are currently being studied in asthma clinical trials.

LINK BETWEEN TYPE-2 IMMUNITY AND IFN
IMPAIRMENT IN ASTHMA

The study applying transcriptome network analysis in children
with asthma demonstrated that high type-2 inflammation and low
type-1 IFN responses at baseline were robust predictors of short-
term AE risk,' suggesting that the 2 pathways interact. This

hypothesis is supported by type-2 inflammation being associated
with increased severity of AE.

There are several mechanisms that could suppress virus
induction of IFNs. Blood DCs from children with atopic
asthma (infected with RVs or influenza viruses) display
impaired virus-induced IFN-a/IFN-$3 and IFN-A release, which
correlated with increased high-affinity IgE receptor (FceRI)
expression on DC surfaces. Crosslinking FceRI with IgE/anti-
IgE profoundly suppressed virus-induced IFN release from
DCs.° Thus, IgE induction by type-2 cytokines followed by
allergen-induced crosslinking of IgE bound to DCs would pro-
foundly suppress virus induction of IFNs (Fig 1, A). This mech-
anism 1is strongly supported by studies showing that anti-IgE
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TABLE I. Potential implications of asthma endotypes on ICS use, COVID-19 risk, and ACE-2 expression

Asthma endotype Type-2

Non-Type-2

Patient profile Younger
May have allergies/atopy
Mostly eosinophilic

Increased airway mast cells

Immune profile

High numbers of ILC2s

Steroid sensitive
Responsive to type-2 inhibitors
IL—AF

Treatment

Potential effect on
COVID-19 outcome

and TMPRSS2 expression and may
augment IFN responses
Eosinophils have antiviral activity

® IL-13 increases TMPRSS2 expression

High levels of 1L-4, IL-5, and IL-13

Older >50 y

May have comorbidities including obesity and diabetes
More heterogeneous

IL-1B, IL-6, and IL-17 upregulated in some cases—could
exacerbate hyperinflammation

Can be marked by high neutrophil infiltration

@ Steroid resistant

and IL-13 reduce ACE-2 expression ® IL-17 increases ACE-2 expression
Pre-existing ICS use may dampen ACE-2

ACE-2, Angiotensin-converting-enzyme-2; ICS, inhaled corticosteroid; /LC2, group 2 innate lymphoid cell.

therapy restores impaired IFN responses in people with
asthma.®

IL-4 and IL-13 suppress IFN responses in RV-infected HBECs,
with suppression of TLR3 expression and IRF3 activation, thus
increasing virus replication (Fig 1, B). Both cytokines also induce
suppressor of cytokine signaling 1 expression in HBECs, and sup-
pressor of cytokine signaling 1 suppresses virus-induced IFNs in
HBECs (Fig 1, B).

THERAPEUTIC APPROACHES TO BOOST
ANTIVIRAL RESPONSES IN AEs

Azithromycin (AZM) boosts IFN production from virus-
infected HBECs and has antiviral activity; it should therefore
be beneficial in virus-induced AEs (PMID: 20150207). An
observational study reported that macrolide antibiotics were
associated with reduction in 120-day risk of AEs (PMID:
27692150). The Effect of azithromycin on asthma exacerbations
and quality of life in adults with persistent uncontrolled asthma
(AMAZES) trial reported that long-term prophylactic AZM
reduced AE frequency by approximately 40% and improved
asthma-related quality of life (PMID: 28687413). Furthermore,
AZM reduced AEs in both eosinophilic and noneosinophilic
patients with asthma and in AEs without bacterial pathogen
isolation from sputum, suggesting that its activity was likely
independent of antibacterial activity. Further studies on AZM
antiviral activity and on its efficacy in AEs are clearly warranted.

ASTHMA AS A RISK FACTOR FOR SEVERE ACUTE
RESPIRATORY SYNDROME CORONAVIRUS-2
INFECTION

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-
2), the virus responsible for the COVID-19 pandemic, infects the
upper and lower respiratory tracts, entering host cells through the
angiotensin-converting-enzyme-2 receptor and the protease
TMPRSS-2.” The World Health Organization highlighted that
people with severe asthma are a high-risk group for SARS-
CoV-2 infection, and COVID-19 severity, and advocated stringent
shielding of these individuals.

Surprisingly though, many studies reported that asthma was no
more prevalent among people with COVID-19 of varying degrees

of severity than among the general population. These estimates of
the risk posed by having asthma may be underestimates because
people with asthma are likely taking extra precautions by
shielding, wearing masks, and taking their prophylactic
asthma medications to protect themselves from COVID-19.
OpenSAFELY, a databank with more than 17 million UK primary
health care records, reported that severe asthma (defined by recent
oral corticosteroid use) was a risk factor for COVID-19 mortality
(PMID: 32640463). In addition, patients with asthma on high-
dose inhaled corticosteroids had increased COVID-19 mortality
risk compared with those on short-acting beta-agonists only.®
However, OpenSAFELY is a retrospective observational study us-
ing general practitioner records to define asthma, which may
reveal potential associations but cannot define causal relation-
ships.® Furthermore, the study could not expand on other underly-
ing disease characteristics that may not be captured in primary
health care records, which may reveal individuals with an
increased susceptibility to viral infections as well as more severe
asthma.®

The International Severe Acute Respiratory and emerging
Infection Consortium analyzed more than 75,000 UK COVID-19
hospital admissions and reported that patients 16 years and older,
with asthma of any severity, were significantly more likely than
patients without asthma to receive critical care. Severe asthma
(defined as those taking triple therapy) was a risk factor for
COVID-19 mortality.”

LINK BETWEEN ASTHMA ENDOTYPES AND
COVID-19 SUSCEPTIBILITY

Emerging evidence suggests that distinct asthma endotypes
may have differential risk of COVID-19 severity. An interesting
hypothesis would be to investigate the role of asthma endotypes in
protection from or susceptibility to COVID-19. Around 50% of
patients with asthma are T2-high (Table I), and recent studies sug-
gest the possibility of type-2 immunity being protective against
COVID-19. UK Biobank data reported that nonallergic asthma
(but not allergic/atopic asthma) was a risk factor for severe
COVID-19.'" This may be because patients with non—type-2
asthma may have higher baseline inflammation due to pre-exist-
ing comorbidities, such as obesity and age. These comorbidities
may play a more important role in driving COVID-19 severity
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than the underlying asthma itself (Table I). In addition, atopic pa-
tients had significantly lower odds of hospitalization for COVID-
19, and atopy was associated with a decreased duration of
COVID-19 hospitalization.'” This may be related to reduced
angiotensin-converting-enzyme-2 expression levels in atopy,
which correlated with allergic sensitization, total IgE levels,
and type-2 cytokines. '

Another major endotype that may be susceptible are individ-
uals with asthma, who also have pre-existing IFN impairment.
IFN impairment has been postulated to be the major factor driving
disease severity in COVID-19 (PMID: 32661059 and 32972995).
A genomewide association study reported that low expression
of IFNAR2 was associated with severe COVID-19 (PMID:
33307546). Clinical trials have shown that exogenously adminis-
tered type-1 IFNs are highly effective treatments for COVID-19
when given early during infection (PMID: 32401715 and
32758689), but even when given late at hospitalization can still
significantly improve outcomes and reduce mortality (PMID:
32661006 and 32862111). Such therapies are even more likely
to help people with asthma and IFN impairment, and especially
so if given early during infection.
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